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can	be	used	as	extraction	solvent,	but	a	 longer	extraction	 time	and	higher	 temperature	are	needed	 in	order	 to	
have	a	content	in	bioactive	compounds	similar	to	that	of	methanolic	extracts.	The	obtained	values	for	polyphenols,	
flavonoids	and	antioxidant	activity,	 emphasize	 the	 importance	and	 the	opportunities	of	 the	 reuse	of	 this	agro-
industrial	waste.
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INTRODUCTION  
Large	 amounts	 of	 wastes	 are	 generated	
annually	 by	 the	 food	 industry,	 their	 efficient	
management	and	valorisation	representing	one	of	
the	main	problems;	therefore,	the	urgent	demands	
for	 sustainability	 in	 the	 food	 and	 agricultural	sectors led to their valorisation as a source of 
bioactive	 compounds	 (Galanakis,	 2013).	 A	 wide	
spectrum	 of	 commercially	 important	 products	
such	as	additives,	nutraceuticals,	enzyme,	biofuels,	
biopolymers,	and	organic	acids	can	be	developed	
from	 the	 bioconversion	 of	 agro-industrial	 waste	
(Galanakis,	 2012).	 For	 this	 reason,	 it	 is	 essential	
to	 develop	 new	 technologies	 and	 extraction	
techniques	 that	 fully	 exploit	 the	 high	 recovery	
potential	of	these	by-products	(Corbo	et al.,	2014).






1996;	Niemi	et al.,	 2012).	This	 insoluble	 residue	






components	 which	 remain	 unexploited	 in	 the	
brewing	process.	
The	 process	 of	 obtaining	 the	 brewers’	 spent	
grain	 by-product	 is	 schematically	 represented	
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37	 to	 78ºC	 to	 promote	 the	 enzymatic	 hydrolysis	
of	 malt	 constituents.	 This	 enzymatic	 conversion	
stage	 (mashing)	 produces	 a	 sweet	 liquid	 known	
as	wort.	After	 the	saccharification	process	 is	 fin-
ished,	the	clear	sweet	wort	is	separated	from	the	










and	 other	 phytochemicals	 from	 plant-derived	
waste	is	becoming	a	trend	with	major	effects	for	the	
improvement	of	food	structure	and	consequently	
with	 a	 positive	 impact	 on	maintaining	 a	 healthy	
lifestyle.	 The	 application	 and	 development	 of	
novel	 technologies	 could	 make	 possible	 the	
production	of	improved	functional	products	based	
on	 valorisation	 of	 food	 processing	wastes	 (Ofori	
and	Hsieh,	2013).
In	 the	 last	 decades,	 there	 is	 great	 interest	
in	 finding	 new	 and	 unconventional	 sources	 of	
compounds	 with	 antioxidant	 properties.	 This	
trend	is	due	to	the	many	studies	that	suggested	that	
there	is	a	strong	relation	between	the	consumption	of diets rich in phenolic compounds and a reduced 
risk	 of	 cardiovascular	 and	 neurodegenerative	
diseases	 (Pandey	 and	 Rizvi,	 2009;	 Bouallagui	 et 
al.,	2011).
BSG	may	be	used	 in	 the	production	of	novel	
functional	 foods	 and	 beverages	 considering	
the	 antioxidant	 health	 benefits	 similar	 to	 those	
exhibited	 by	 the	 barley	 (McCarthy	 et al.,	 2013).	
The	polyphenols	of	barley	have	an	important	role	
during	the	malting	process	as	well	as	preventing	
the	enzymatic	oxidation	of	polyunsaturated	 fatty	acid. Because most of the phenolic compounds 
of	 the	 barley	 are	 localized	 in	 the	 grain	 husk,	












MATERIALS AND METHODS   
The	brewers	spent	grain	used	in	this	work	was	
obtained	as	a	by-product	from	the	mashing	process	
of	 dark	 lager	 beer	 with	 100%	 all	 grain	 malted	












tin)	 and	 reagents:	 2,2-diphenyl-1-picrylhydrazyl	
Fig. 1.	Schematic	representation	of	the	process	to	obtain	BSG	from	malt	(Farcas	et al.,	2014)
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(DPPH),	 Folin-Ciocalteu,	 methanol,	 aluminium	
chloride,	 sodium	 carbonate,	 sodium	 nitrite	 and	
sodium	hydroxide	were	purchased	from	Sigma	Al-
drich	or	Merck	(Darmstadt,	Germany).
The	BSG	aqueous	extracts	were	obtained	using	different extraction temperatures and extraction 








The total phenolic compounds assay
The	Folin-Ciocalteu	method	estimates	the	total	
content	 of	 all	 phenolics	 present	 in	 the	 analyzed	
samples,	 including	 flavonoids,	 anthocyanins	 and	
non-flavonoid	 phenolic	 compounds	 (Singleton	









between	 phenolic	 compounds	 and	 the	 reagent.	
After	incubation	for	120	min	at	room	temperature,	
the	 absorbance	was	 read	 at	 750	 nm	 against	 the	
blank,	 in	 which	 the	 sample	 was	 replaced	 with	
methanol,	 based	 on	 the	 gallic	 acid	 calibration	
curve	(r2=0.9936).	The	results	were	expressed	as	
gallic	acid	equivalents/100	g	fresh	weigh	(fw).
The total flavonoid assay 
The	 total	 flavonoid	 content	 of	 the	 extracts	
was	 determined	 using	 the	 aluminium	 chloride	










1N	 and	 6.4	 ml	 distilled	 water.	 The	 absorbance	




standard	 curve	 was	 performed	 using	 different	






















	 was	 the	 absorbance	 of	 2,2-diphenyl-1-
picrylhydrazyl	solution,	and	Ap	the	absorbance	in	the presence of the sample.
Tab. 1.	The	experimental	design	of	the	aqueous	extraction	parameters:	time	-	temperature	variations	and extraction steps 
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RESULTS AND DISCUSSION  
The	 total	 phenolic	 content,	 flavonoids	 and	
antioxidant	activity	of	the	aqueous	extracts	for	each	
extraction	 from	 A	 and	 B	 protocol	 are	 presented	
in	 Figure	 1	 and	 2.	 	 To	 highlight	 the	 influence	 of	
temperature	 and	 time	 on	 the	 yield	 of	 extraction	
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Depending	 on	 the	 extraction	 time	 and	 tem-
perature,	 the	 radical	 scavenging	 activity	 varied	





The	 obtained	 results	 for	 the	 aqueous	 extras	
were	comparable	with	those	obtained	for	the	me-
thanolic	 extracts	 (control	 sample),	 thus	 demon-
strating	the	opportunity	of	using	water	as	solvent	extraction. 
In	 terms	 of	 extraction	 efficiency,	 the	 results	
from	polyphenols,	 flavonoids	and	antioxidant	ac-
tivity,	showed	that	the	best	extraction	parameters	
for	 aqueous	 extracts	 are	 90⁰C	 and	 60	 minutes.	




The	 preliminary	 results	 for	 the	 aqueous	 ex-
tracts	showed	that	water	can	be	used	as	extraction	
solvent,	 but	 a	 longer	 extraction	 time	 and	 higher	temperature are needed in order to have a content 
in	bioactive	compounds	similar	to	that	of	metha-nolic extracts. 
The	 obtained	 values	 for	 polyphenols,	 flavo-
noids	and	antioxidant	activity,	emphasize	the	im-portance and the opportunities of the reuse of 
this	agro-industrial	waste.
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